Firefighters require a high level of physical fitness in order to meet the demands of their profession. While physical performance testing is required to join the department, firefighters are not subject to further formal exercise or performance testing throughout the duration of their careers. The purpose of the present study was to gather information regarding the physical fitness of front-line Canadian firefighters, to determine whether a testing battery predictive of both performance and future injury risk is viable, and to make recommendations regarding the format of fitness testing and training programs for front-line firefighters. Front-line, career firefighters were tested on a variety of physical fitness measures related to body composition, strength, power, and endurance over three testing sessions. Large ranges of data were found for many of the measures taken and tests performed. Body fat percentage had the most significant correlations with other performance tests while performance in the pushup test and vertical jump correlated strongly with many of the more sophisticated fitness tests. Some firefighters may not possess adequate fitness levels to optimally perform their job responsibilities. Simple field tests may form the basis of predictive testing batteries for both fitness and future injury risk, though further research is needed.
INTRODUCTION
Firefighters are rescue workers, trained extensively in dealing with fire suppression and prevention. In addition, they are often the first-responders to an emergency situation and therefore also trained in both cardiopulmonary resuscitation and first aid [10] . Firefighting involves rescuing trapped victims, suppressing and controlling the spread of the fire, and limiting property and environmental damage. Work conditions often involve very intense and/or prolonged physical effort, often accompanied by extreme heat stress which necessitates a high level of fitness due to the increased heart rates encountered [17, 28] . During a period of heat stress, perspiration decreases total body water and therefore blood volume, so stroke volume is also decreased, causing an increase in heart rate in order to maintain sufficient cardiac output. This additional strain on the heart requires a greater coronary blood supply and if the coronary arteries are narrowed from preexisting medical conditions (e.g. increased blood lipids) or the heart cannot maintain a sufficient cardiac output to supply oxygenated blood to both the peripheral working muscles and itself, a myocardial infarction may occur [26] .
In order to become a firefighter there is a thorough examination and interview process. As there is a high physical fitness level required for firefighters due to the heavy workload and increased risk of cardiovascular incidents [13] arising from heat stress and prolonged intense physical activity [17, 28] , a physical performance joining test is a component of the hiring process. Interestingly, other than passing the Candidate Physical Ability Test, both the Kitchener and Toronto fire departments do not specify physical fitness guidelines that need to be maintained once employment has been secured. In addition, there are no further formal fitness tests to demonstrate continuing fitness in an active firefighting career, even though firefighting is by its very nature a very physically demanding profession [10] . Early studies of firefighter physical fitness first aimed to determine the metabolic cost of firefighting in terms of oxygen consumption and suggest a standard for aerobic capacity required to adequately perform the job responsibilities. Several independent studies using either a simulated or actual firefighting task have concluded that as a minimum, firefighters should be able to maximally consume 42 ml O2/kg/min [23, 29, 31] .
Previous studies examining firefighter fitness often had fragmented testing approaches in the sense that they focused on either aerobic or anaerobic measures but few were comprehensive in measuring a number of variables of physical fitness using the same subject group of firefighters. In addition, younger recruits and early-career firefighters are often over-represented in these studies even though active firefighter units tend to encompass a wide range of age and experience [17, 22, 28, 29] . Predictably, these younger samples tend to produce excellent fitness results, however little comprehensive data is currently available for "average" front-line, mid-career samples of firefighters serving an urban area.
The current study was descriptive in nature and aimed to fulfill three objectives. The primary purpose of this study was to gather information on the physical fitness of a front-line firefighter population with a wide range of experience and utilizing a wide battery of tests. A secondary objective was to make a preliminary assessment of whether a testing battery could be developed that predicted performance in some of the more comprehensive and technical tests performed. Lastly, recommendations regarding the format of physical fitness testing and training programs designed specifically for firefighters could be more accurately informed based on findings from this study.
MATERIALS AND METHODS

Subjects
This study was conducted at Wilfrid Laurier University, Waterloo ON Canada, in partnership with the Kitchener Fire Department. Written informed consent was obtained from all participants prior to testing and the internal ethical review board of the University reviewed and approved all aspects of study design and recruitment. Eligible participants were active members of the fire suppression unit of the Kitchener Fire Department. Exclusion criteria included having been advised by a medical professional to not participate in vigorous physical activity, not being able to perform all of the physical demands of their job as a result of a musculoskeletal injury, or a positive result on the Physical Activity Readiness Questionnaire (PAR-Q) [9] . A total of 49 active firefighters (47 male, 2 female) completed the first session of testing while only 23 participants (22 male, 1 female) completed all three sessions of testing.
Procedures
Potential participants were recruited by way of a letter sent out by the fire department to all active members of the fire suppression unit inviting them to participate in a study looking at various measures related to health and fitness. After an initial round of recruitment, a second follow-up letter was distributed and specific fire stations that had low participation rates were targeted for an in-person visit by the researcher.
Testing took place over three sessions, each with unique assessments performed. The first session took place at the fire station and focused mainly on baseline physiological testing. After height and weight were taken, heart rate was measured using a three-lead electrograph and blood pressure measurement of the brachial artery was performed using a sphygmomanometer. Waist circumference was then measured at the superior border of the iliac crest on the right hand side of the body [19] . Skinfold thickness measurements of the biceps, triceps, subscapularis, and iliac crest were used to calculate body fat percentage according to the Durnin-Womersley method [11] . The additional measurement of the medial calf skinfold thickness allowed for determination of the Canadian Physical Activity, Fitness, and Lifestyle Appraisal Healthy Body Composition Score [8] . All five skinfold measurements were landmarked and assessed using standard procedures [11, 14] . Participants then completed the Functional Movement Screen (FMS), a seven-movement assessment used to identify asymmetries and compensatory movements in the kinetic chain of movement patterns [30] . It should be noted that the FMS is not a test of physical fitness, but rather a screening test that may serve as a baseline for comparison to future tests. The final test performed during the first session was the American College of Sports Medicine Pushup Test to assess muscular endurance of the upper-body [1] .
The second testing session took place at the University and after being weighed again, participants performed the 60° abdominal muscle endurance test to assess the endurance of the spinal flexors [20] . Measures of maximum strength for both the lower and upper body were next assessed using a 60°/s, isokinetic, concentric contraction of the quadriceps and biceps, respectively using a Cybex Norm [2, 16] . The last assessment performed was the Wingate Anaerobic Test to determine lower-body anaerobic power. A standardized warm-up preceded the maximum effort test consisting of a 30 s cycle against a heavy resistance set to 7.5% of the participant's body weight on a Monarch cycle ergometer [3] .
The final testing session also took place at the University and began with a weight measurement again before the Biering-Sorensen test [5] was performed to assess the endurance of the spinal extensors. Maximum vertical jump height was then assessed as a measurement of lower-body power from a standing, two-footed take off with countermovement arm swing as outlined in the Sargent test protocol [18] . A VO2max treadmill test was then performed to assess aerobic power. A ramp protocol was used in conjunction with a metabolic cart to measure breath-by-breath gas exchange while participants exerted maximum effort in running on the treadmill. Anaerobic threshold was also recorded by determining the inflection point of the VE/VO2 curve (volume of air expired/volume of oxygen consumed).
Statistical Analysis
Data was presented as mean±standard deviation with ranges also given. Where appropriate, data was normalized to allow for comparison between people of different body sizes. Sub-analysis by decade-long age groups was also performed. Assumptions of statistical normality were checked using estimates of skewness and kurtosis as well as he Kolmogorov-Smirnov test. Statistical testing using SPSS 21 software comprised of Pearson's correlation coefficients and one-way ANOVAs for between group differences based on age. Statistical significance was set at the two-tailed p<0.05 level.
RESULTS
Descriptive statistics of procedures performed, including mean, standard deviation, and range are displayed in Table 1 . Of particular interest are some of the low-end ranges of some variables, such as with VO2max. Though aerobic capacity averaged 42.2±6.6 ml O2/kg/min for the group as a whole, one subject at the lower end of the data only reached 27.3 ml O2/kg/min. Correlations were performed to help ascertain which variables may best predict performance in most other variables. Pearson's r correlation statistic was used because variables had a parametric distribution [12] . Body fat percentage had the greatest amount of significant correlations with other variables related to both performance and body composition ( Table 2) . Total score in the FMS displayed modest, negative correlations with many of the body composition variables (Table 3) . Maximum vertical jumping height also exhibited strong, positive correlations with many of the performance tests administered (Table 4) . One-way analysis of variance (ANOVA)s were performed to look for differences in VO2max and Wingate test peak power production based on differences in decade-long age groups did not yield significant results. However, VO2max did display a significant negative correlation with age ( Figure 1 ).
VO2max (ml O2/kg/min)
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Figure 1. Relationship between VO2max and age
Scatter plot of relative VO2max (ml O2/kg/min) and age (years) of firefighters (22 male and 1 female). A negative correlation was found between VO2max and age (r=-0.5, p=0.015)
DISCUSSION
The primary aim of this study was to collect data on physical fitness characteristics of front-line firefighters and in this regard it was found that there was a large range for many of the measures taken. While mean values are often similar to normative population data the wide range of data suggesting that a number of firefighters have lower performance in some measures than what might be optimal for the physical demands of front-line firefighting and are at times even lower than reference untrained age-matched cohorts. Correlation testing hinted at the potential for body fat percentage to be a predictor of both overall health and work performance. In addition, it was found that simple field tests such as pushups completed and vertical jump may form a modestly predictive testing battery for performance in some of the more technical and comprehensive tests, while abdominal endurance, back extensor endurance and FMS score may modestly correlate with future injury risk. It is possible that testing using these simple measures could potentially be performed annually by the fire departments to provide a crude assessment of overall front-line firefighter fitness and monitor performance in their firefighters. As a tertiary focus, it was recommended that based on these results, voluntary fitness training and testing programs could be put in place to combat the age-related decline in fitness and also that the development of training programs specific to the Kitchener Fire Department should focus primarily on aerobic fitness and spine and core stabilizing musculature. VO2max was found to be 42.2±6.5 ml O2/kg/min, superficially appearing very much in line with the standard previously established for firefighting of 42 ml O2/kg/min [23, 29] . However, these results indicate that a significant portion of the sample tested fell below the established standard. Though this sample of firefighters tested better than reference adult males in the same age range (38.1 ml O2/kg/min) [27] , it is expected that those in a public safety profession such as firefighting would maintain a better fitness level than their counterpart in the population as there is a large physical fitness component to their job. It was also noteworthy that a number of subjects fell well below the mean with the lowest active firefighter having a maximum VO2 of only 27.3 ml O2/kg/min. VO2 at the anaerobic threshold followed a similar pattern to VO2max, such that it ranged from 18.4-47.3 ml O2/kg/min, and the two measures had a strong positive correlation (r=0.84, p<0.001). The anaerobic threshold is a good predictor of actual sustained work performance [26] , and looking at the lower value of 18.4 ml O2/kg/min would correspond to only the equivalent work of a slow jog or brisk walk. This further highlights the possibility that a portion of this sample may not possess the requisite fitness level to adequately perform their job responsibilities.
Body fat percentage was found to be 24.2±5.4%, correlated positively with many of the health-related measures, and negatively with some of the other performance tests. A secondary focus of the present study was to identify simple tests that might potentially predict performance in more complex tests and also to determine fitness variables that can serve as risk factors for on-the-job mortality. Body fat percentage addresses both of these applications as increased body fat may have been associated with impaired performance in almost all of the tests and possibly also reflected an increased risk for myocardial infarction as it is assumed to positively correlate with increased blood lipids [4] . Firefighters of similar age have previously been reported to be leaner [7] and normative population data indicates that the average 40-49 year old male has only 21.9% body fat [1] , so there is certainly room for improvement in this regard, especially when taking into account that firefighting is a public safety profession that places a premium on physical fitness.
While more research is needed to provide conclusive evidence, predictive testing batteries for both new and experienced firefighters could become a possibility to both monitor and assess both performance and future injury risk. Repetitions in the ACSM pushup test averaged 31.4±11.6 in this sample of firefighters which is quite similar to the previously reported data in this type of population of 35.6±15.3 repetitions [21] . This result once again highlights the large range in the data and fitness levels of our front-line firefighter cohort as demonstrated by a standard deviation of over one third of the mean. Results in the pushup test correlated with dynamometer determined upper-body muscle peak torque (r=0.62, p=0.001) and may therefore be used as a modestly accurate predictor of overall upper-body strength in a firefighter population. Maximum vertical jump height correlated with many of the more sophisticated performance measurements, including peak power produced during the Wingate test (r=0.75, p<0.001) and VO2max (r=0.67, p=0.001). Since the test can be administered with minimal training, equipment, and time it may suggested as a simple predictive test to monitor fitness in firefighters when more expensive and sophisticated testing may not be a feasible option.
Total score in the FMS for this group of firefighters was 15.6±1.5 out of a possible 21 points. Lower scores indicate that one has compensations in their movement patterns which can lead to muscle imbalances and overuse injuries over time as other less-optimally designed or positioned muscle groups must work harder to compensate for weaker muscle groups [15, 30] . Firefighters who have been injured have previously been reported to score lower on the FMS than their injury-free counterparts [24] and firefighters who eventually sustained an injury during academy training scored significantly lower than those who did not in a pre-training FMS [6] . Performance in the 60° abdominal endurance test averaged 153.8±94.2 s and 113.4±48.6 s in the Biering-Sorensen test that assesses back extensor endurance. While this data has not been previously reported in the firefighter population, typical adult males have been reported to be able to hold the flexed position of the abdominal endurance test for an average of 144±76 s and the extended position of the Biering-Sorensen test for 146±51 s [20] . As with many of the other measures, the large standard deviations reported indicate a large range of data and suggest widely varying capacities in the sample of firefighters tested. The health of the torso, and specifically spine stabilizing musculature, are being increasingly implicated in injury risk and low-back pain and it has been suggested that maintaining a near 1.0 ratio between torso flexor and extensor muscle endurance time may be ideal for optimal health [5, 20] . Together with the FMS, these three simple assessments may for the basis of some type of injury-risk screening program for fire departments in the future with additional research to better discern predictive value.
Firefighters are expected and encouraged to maintain their fitness level throughout their career, but the results of the present study suggest that there may be a significant portion of firefighters that are not sufficiently fit to perform their duties, and/or are only at or below par with a typical untrained adult male. Implementation of further formal fitness testing and training programs may be part of the solution. For example, a voluntary program similar to the Ontario Police Fitness Pin Award Program [25] could be developed where firefighters are given incentives to complete voluntary fitness testing ever 2-3 years and to participate in exercise training programs. In addition, based on the findings of the present study it was recommended that training programs for the Kitchener Fire Department should focus primarily on improving aerobic capacity as firefighters must be able to sustain a reasonably intense submaximal workload for many minutes at a time and there may be a subset of this population that does not possess adequate fitness to do so. Secondly, core and spine stabilizing musculature was also identified as an area of weakness in this group and it would be prudent to include abdominal and back musculature strengthening exercises in a training program for the sake of overall health and injury reduction. Power, strength, and muscular endurance tasks were performed reasonably well by this sample of firefighters. These areas should still be trained, but more time should be focused on the previous two areas identified as priorities.
While this study makes important and novel contributions to the literature available on the physical fitness of active firefighters, it is important to acknowledge that the small sample size and specifically, the completion rate of testing limits the ability to generalize the results to all firefighters in this or other firefighter populations. In addition a lack of adequate numbers of females in the sample group did not allow for sub-analysis by gender to determine if fitness characteristics differ between the sexes. It may also be possible that since, the relatively more fit firefighters may have been more likely to volunteer and complete this type of testing, that the results of this study may actually over-estimate the fitness of a typical front-line firefighter cohort.
In summary, front-line firefighters possess a large range of physical fitness levels. In many instances this sample's mean values were similar to or above pre-established standards or normative population data. However, the results indicate that close to half of the firefighters population tested fell below established firefighter standards or in tests where such standards had not been established, fell at or below reference untrained adult men. This is certainly cause for concern as there may be a significant portion of firefighters who do not possess an adequate fitness level to safely perform the job responsibilities expected of them.
